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◊✲ᡂᯝࡢᴫせ㸸 
 ኚ఩㞧㡢࠾ࡼࡧ࣮ࣞࢨ࣮ࡢ࿘Ἴᩘ㞧㡢࡟ឤᗘࡀ࡞࠸㔜ຊἼ࣮ࣞࢨ࣮ᖸ΅ィࡢගᏛタィࢆ㛤Ⓨ
ࡋ㸪ࣉࣟࢺࢱ࢖ࣉᐇ㦂࡟ࡼࡗ࡚ DFI ᖸ΅ィࡢཎ⌮᳨ド࠾ࡼࡧᐇドヨ㦂ࢆ⾜ࡗࡓ㸬཮᪉ྥ࣐ࢵࣁ
ࢶ࢙ࣥࢲ࣮ᖸ΅ィࢆ⏝࠸ࡓ DFI ᖸ΅ィࡣ⌮ㄽ㏻ࡾࡢᛂ⟅ࢆ♧ࡋ㸪ኚ఩㞧㡢࿘Ἴᩘ㞧㡢࡟ࡣឤᗘ
ࡀ࡞࠸୍᪉࡛㔜ຊἼಙྕࢆᤊ࠼ࡽࢀࡿ஦ࢆᐇドࡋࡓ㸬᭦࡟⮬↛࡞ኚ఩㞧㡢ࡢ┦ẅࢆほ ࡍࡿᐇ
ドᐇ㦂࡛ࡣ 60dB ࡟ࢃࡓࡿ㞧㡢┦ẅຠᯝࢆᚓࡓ㸬 
 
 
஺௜㢠 
                               㸦㔠㢠༢఩㸸෇㸧 
 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 
㸰㸮㸮㸴ᖺᗘ 6,900,000 2,070,000 8,970,000 
㸰㸮㸮㸵ᖺᗘ 3,600,000 1,080,000 4,680,000 
㸰㸮㸮㸶ᖺᗘ 4,500,000 1,350,000 5,850,000 
ᖺᗘ    
  ᖺᗘ    
⥲ ィ 15,000,000 4,500,000 19,500,000 
 
 
◊✲ศ㔝㸸ᩘ≀⣔⛉Ꮫ 
⛉◊㈝ࡢศ⛉࣭⣽┠㸸≀⌮Ꮫ࣭⣲⢏Ꮚ࣭ཎᏊ᰾࣭Ᏹᐂ⥺࣭Ᏹᐂ≀⌮ 
࣮࣮࢟࣡ࢻ㸸┦ᑐㄽ࣭㔜ຊ㸦ᐇ㦂㸧㸪㔜ຊἼ㸪࣮ࣞࢨ࣮ᖸ΅ィ 
 
 
㸯㸬 ◊✲㛤ጞᙜึࡢ⫼ᬒ 
 
 㔜ຊἼࡢ┤᥋᳨ฟࢆ┠ᣦࡋ࡚ୡ⏺ྛᆅ࡛
୰࣭኱ᆺ࣮ࣞࢨ࣮ᖸ΅ィᆺ᳨ฟჾࡢᘓタࡀ⾜
ࢃࢀ࡚࠾ࡾ㸪᪥ᮏࡢ TAMA300 ࡸ⡿ᅜ LIGO ィ
⏬࡞࡝ࡣࡍ࡛࡟┠ᶆឤᗘ࡟㏆࠸ឤᗘ࡛✌ാ
୰࡛࠶ࡿ㸬ࡇࢀࡽࡢ᳨ฟჾࡣ 10~10kHz ᖏᇦ
ࡢ㔜ຊἼ᳨ฟࢆ┠ᣦࡍࡶࡢ࡛࠶ࡾ㸪᝿ᐃࡋ࡚
࠸ࡿ୺࡞㔜ຊἼ※࡜ࡋ࡚ࡣ୰ᛶᏊᫍ㐃ᫍࡢ
ྜయࡸࣃࣝࢧ࣮ࡢ⮬㌿㐠ື㸪㉸᪂ᫍ⇿Ⓨ࡞࡝
ࡀᣲࡆࡽࢀࡿ㸬୍᪉㸪⡿ᅜ࡜Ḣᕞ࡛ࡣ⾨ᫍࢆ
฼⏝ࡋࡓࢫ࣮࣌ࢫᖸ΅ィᆺ㔜ຊἼ࢔ࣥࢸࢼ
ィ⏬㸦LISA ィ⏬㸧ࡀ㐍ࡵࡽࢀ࡚࠾ࡾ㸪2014
ᖺࡢᡴࡕୖࡆࢆ┠ᣦࡋ࡚⢭ຊⓗ࡟ᢏ⾡㛤Ⓨ
ࡀ⾜ࢃࢀ࡚࠸ࡿ㸬ࡇࡢィ⏬ࡣᆅୖࡢ᳨ฟჾࡼ
ࡾࡶ㐶࠿࡟ప࿘Ἴࡢ 1-30mHz ࡢ㔜ຊἼ᳨ฟࢆ
┠ᣦࡍࡶࡢ࡛࠶ࡾ㸪୺࡞㔜ຊἼ※࡜ࡋ࡚ࡣᕧ
኱ࣈࣛࢵࢡ࣮࣍ࣝࡢྜయࡸ㐃ᫍⓑⰍ▸ᫍࡢ
බ㌿㐠ື࡞࡝ࢆ᝿ᐃࡋ࡚࠸ࡿ㸬 
 ࡇࢀࡽࡢ㔜ຊἼ᳨ฟィ⏬ࡣ㸪ᆅୖᆺ࣭ࢫ࣌
࣮ࢫᆺࢆၥࢃࡎ㸪ගࡢᖸ΅ࢆ⏝࠸ࡓ⮬⏤㉁Ⅼ
㛫ࡢ ㊥࣭ᚤᑠィ ࢆ㔜ຊἼ᳨ฟࡢཎ⌮࡜ࡋ
◊✲✀┠㸸ᇶ┙◊✲㸦B㸧 
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ㄢ㢟␒ྕ㸸㸯㸶㸱㸲㸮㸮㸵㸮 
◊✲ㄢ㢟ྡ㸦࿴ᩥ㸧ኚ఩࣭࿘Ἴᩘ㞧㡢ࣇ࣮ࣜᖸ΅ィ㔜ຊἼ᳨ฟჾࡢ㛤Ⓨ  
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࡚࠸ࡿ㸬ࡋࡓࡀࡗ࡚㸪᳨ฟჾࡢឤᗘࡣ✲ᴟⓗ
࡟ࡣගࡢ㔞Ꮚ㞧㡢㸦ᩓᑕ㞧㡢࠾ࡼࡧ㍽ᑕᅽ㞧
㡢㸧ࡢࡳ࡟ࡼࡗ࡚ไ㝈ࡉࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪
ᐇ㝿࡟ࡣᢚᅽࡋࡁࢀ࡞࠸ࢸࢫࢺ࣐ࢫ㸦⮬⏤㉁
Ⅼ㸧ࡢኚ఩㞧㡢㸦ᆅ㠃᣺ື㸪⇕㞧㡢㸪ຊ㞧㡢
࡞࡝㸧ࡸ㸪ගࡢ㞧㡢㸦࿘Ἴᩘ㞧㡢㸧࡞࡝ࡀ↓
ど࡛ࡁࡎ㸪ࡑࢀࡒࢀࡢ᳨ฟჾࡢほ ᖏᇦࡢ୍
㒊ࢆไ㝈ࡋ࡚࠸ࡿ㸬ࡇࢀࡲ࡛ࡢ㔜ຊἼ᳨ฟ⿦
⨨㛤Ⓨࡣ㸪ᖸ΅ィタィࢆᕤኵࡍࡿࡇ࡜࡛㔜ຊ
Ἴಙྕࢆዴఱ࡟ຠ⋡ⓗ࡟ཷࡅྲྀࡿ࠿㸦ಙྕࢆ
኱ࡁࡃࡍࡿ࠿㸧࡜࠸࠺ࡇ࡜࡜ඹ࡟㸪ዴఱ࡟ࡋ
࡚ࡇࢀࡽ㞧㡢※࡜ࡑࡢఏ㐩⤒㊰ࢆ㐽᩿ࡋ࡚
㞧㡢ࡢᐤ୚ࢆᑠࡉࡃᢚ࠼ࡿ࠿㸪࡜࠸࠺஧ࡘࡢ
᪉ྥᛶ࡛⢭ຊⓗ࡟㐍ࡵࡽࢀ࡚ࡁࡓ㸬 
 
㸰㸬◊✲ࡢ┠ⓗ 
 
 ᮏ◊✲࡛ࡣࡇࢀࡲ࡛࡟⾜ࢃࢀ࡚ࡁࡓ◊✲
࡜ࡣ඲ࡃ␗࡞ࡿ࢔ࣉ࣮ࣟࢳ࡛㞧㡢ࢆࠕ┦ẅࠖ
ࡍࡿᖸ΅ィࡢ㛤Ⓨࢆ┠ⓗ࡜ࡋ࡚㸪ᮏ◊✲ࢆᥦ
᱌ࡍࡿ㸬㞧㡢ࢆᑠࡉࡃᢚ࠼ࡿ㸪࡜࠸࠺࢔ࣉࣟ
࣮ࢳ࡛ࡣ࠶ࡿẁ㝵࡛ཎ⌮ⓗ࣭⌧ᐇⓗ࡞ไ㝈࡟
ࡼࡗ࡚ᚲ↛ⓗ࡟฿㐩ྍ⬟ࣞ࣋ࣝࡀไ㝈ࡉࢀ
ࡿ㸬ࡑࡢ⤖ᯝ㸪ከࡃࡢᖸ΅ィࡢタィឤᗘࡣᐇ
㝿࡟ኚ఩㞧㡢࡛ไ㝈ࡉࢀ࡚࠸ࡿ㸬୍᪉㸪᭷㝈
ࡢኚ఩㞧㡢ࡣチᐜࡋ࡚㸪ࡑࡢ௦ࢃࡾ࡟」ᩘࡢ
ᖸ΅ィࡢಙྕࢆ₇⟬ࡍࡿࡇ࡜࡟ࡼࡗ࡚ኚ఩
㞧㡢ᡂศࢆ┦ẅࡍࡿ㸪࡜࠸࠺ࡇ࡜ࡀྍ⬟࡛࠶
ࡿ㸬ࠕᢚᅽࠖࡍࡿ௦ࢃࡾ࡟ࠕᕪࡋᘬࡃࠖ࡜࠸
࠺Ⓨ᝿ࡣࡇࢀࡲ࡛࡟౛ࡀ࡞࠸㸬ࡇࡢ᪉ἲ࡛ࡣ
ཎ⌮ⓗ࡟ࡣኚ఩㞧㡢ࢆ᏶඲࡟ᾘࡋཤࡿࡇ࡜
ࡀྍ⬟࡛࠶ࡿ㸬ࢸࢫࢺ࣐ࢫࡢ≀⌮ⓗ࡞ኚ఩ࢆ
፹௓࡟ࡋ࡚㞧㡢࡜࡞ࡿࡶࡢ࡛࠶ࢀࡤࡑࡢ㉳
※ࢆၥࢃ࡞࠸ࡢ࡛㸪ᆅ㠃᣺ື㸪⇕㞧㡢㸪࠾ࡼ
ࡧ㍽ᑕᅽ㞧㡢ࢆྵࡵ࡚㸪⌧ᅾᖸ΅ィឤᗘࢆไ
㝈ࡋ࡚࠸ࡿኚ఩㞧㡢ࢆ᰿ࡇࡑࡂᾘࡋཤࡿྍ
⬟ᛶࢆ⛎ࡵ࡚࠸ࡿ㸬ኚ఩㞧㡢ࢆ┦ẅࡋ㸪ᖸ΅
ィឤᗘ࡬ࡢᐤ୚ࢆ኱ᖜ࡟పῶࡍࡿࡇ࡜࡟ࡼ
ࡗ࡚㸪㔜ຊἼ᳨ฟჾࡢほ ᖏᇦᖜࢆ኱ࡁࡃᗈ
ࡆࡽࢀࡿྍ⬟ᛶࡀ࠶ࡿ࡜࠸࠺Ⅼ࡛㸪኱ኚព⩏
ࡢ኱ࡁ࡞◊✲࡛࠶ࡿ࡜☜ಙࡋ࡚࠸ࡿ㸬ほ ᖏ
ᇦࡀᗈࡀࢀࡤᮇᚅࡉࢀࡿ≀⌮ࡢᖜࡶᗈࡀࡿ
࡜࡜ࡶ࡟㸪ᮍ▱ࡢ㔜ຊἼ※࠿ࡽࡢಙྕࢆ᳨ฟ
ࡍࡿྍ⬟ᛶࡶ☜ᐇ࡟ᣑ኱ࡍࡿ㸬ᮏ◊✲ࡣ
DECIGO ィ⏬ࡢᖸ΅ィタィࢆỴᐃࡍࡿ◊✲ࡢ
୍㒊࡜ࡋ࡚㐍ࡵࡽࢀࡿ࡜࡜ࡶ࡟㸪ᆅୖࡢᖸ΅
ィ࡟᪊࠸࡚ࡶḟࡢୡ௦ࡢᖸ΅ィタィ࡬ࡢ኱
ࡁ࡞࢖ࣥࣃࢡࢺࡀᮇᚅࡉࢀࡿ㸬 
 
㸱㸬◊✲ࡢ᪉ἲ 
 
 ኚ఩㞧㡢ࢆ┦ẅࡍࡿ࡜࠸࠺࢔࢖ࢹ࢔ࡣ
2004-2005 ᖺ࡟㸪ᕝᮧ࣭Chen ࡟ࡼࡗ࡚ࠕኚ఩
㞧㡢ࣇ࣮ࣜ㔜ຊἼ᳨ฟ ࠖࠕኚ఩㞧㡢࣭ࢱ࢖࣑
ࣥࢢ㞧㡢ࣇ࣮ࣜ㔜ຊἼ᳨ฟࠖ࡜ࡋ࡚ᥦ᱌ࡉࢀ
ࡓ㸬㔜ຊἼࡢຠᯝ࡜⮬⏤㉁Ⅼࡢኚ఩ࢆ༊ูࡋ
࡚ᢅ࠺ࡇ࡜ࡀ࡛ࡁࡿࡢࡣ㸪ගࡢఏᦙ࡟㛵ࡋ࡚
୧⪅ࡢస⏝ࡀᮏ㉁ⓗ࡟␗࡞ࡿࡇ࡜࡟ࡼࡿ㸬ග
ࣃࣝࢫࡀ⮬⏤㉁Ⅼ࡟ࡼࡗ࡚཯ᑕࡉࢀ࡚ ᚟
ࡍࡿሙྜࢆ⪃࠼ࡿ࡜㸪㔜ຊἼࡢຠᯝࡣࣃࣝࢫ
ࡢ ᚟ࡢ඲ఏᦙ⤒㊰࡟ࢃࡓࡿ✵㛫ࡢṍࡳࡢ
✚ศ࡜ࡋ࡚⌧ࢀࡿࡢ࡟ᑐࡋ㸪⮬⏤㉁Ⅼࡢኚ఩
ࡣࣃࣝࢫࡀ཯ᑕࡍࡿ▐㛫࡟㝈ࡗ࡚స⏝ࡍࡿ㸪
࡜࠸࠺㐪࠸ࡀ࠶ࡿ࠿ࡽ࡛࠶ࡿ㸬᭦࡟㸪㔜ຊἼ
ಙྕࢆṧࡋࡓࡲࡲ࡛⮬⏤㉁Ⅼࡢኚ఩ࡢࡳࢆ
┦ẅ࡛ࡁࡿࡢࡣ㸪」ᩘࡢ⮬⏤㉁Ⅼࡢࢿࢵࢺ࣡
࣮ࢡࢆᵓᡂࡋ㸪」ᩘࡢほ 㔞ࢆ⏝࠸࡚ኚ఩ࡢ
ࡳࡀ┦ẅࡍࡿࡼ࠺࡞ࢥࣥࣅࢿ࣮ࢩࣙࣥࢆྲྀ
ࡗ࡚࠸ࡿࡓࡵ࡛࠶ࡿ㸬୍⯡࡟஧ࡘࡢ㉁Ⅼ㛫ࢆ
ගࣃࣝࢫࡢ฿㐩᫬㛫࡟ࡼࡗ࡚ ㊥ࡍࡿሙྜ㸪
ࡩࡓࡘࡢ᪉ྥࡢࣃࣝࢫࡢ㣕⾜᫬㛫࡟ᑐᛂࡍ
ࡿほ 㔞ࡀ஧ࡘ࡛࠶ࡿࡢ࡟ᑐࡋ㸪஧ࡘࡢ㉁Ⅼ
ࡢኚ఩࡜᫬ィࡢ㞧㡢ేࡏ࡚㸲ࡘࡢ㞧㡢ࢆ⪃
࠼ࢀࡤ༑ศ࡛࠶ࡿ㸬ࡇࡢሙྜࡣ㸦ほ 㔞㸧㸺
㸦㞧㡢ࡢ⮬⏤ᗘ㸧࡜࡞ࡾ㸪㞧㡢ࢆ᏶඲࡟┦ẅ
ࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠸ࡀ㸪⮬⏤㉁Ⅼࡢᩘ࡜⮬⏤
㉁Ⅼࡢ㓄⨨ࡢḟඖࢆᣑᙇࡍࡿࡇ࡜࡛ᐇ⌧࡛
ࡁࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ㸬 
 ᮏ◊✲࡛ࡣ㸪ࠕኚ఩㞧㡢࣭ࢱ࢖࣑ࣥࢢ㞧㡢
ࣇ࣮ࣜ㔜ຊἼ᳨ฟࠖࡢ࢔࢖ࢹ࢔ࢆࡶ࡜࡟ࡋ࡚㸪
ࠕኚ఩㞧㡢࣭࿘Ἴᩘ㞧㡢ࣇ࣮ࣜ㔜ຊἼ᳨ฟ
ჾࠖࢆ」ᩘࡢ࣮ࣞࢨ࣮ᖸ΅ィࢆ⏝࠸ࡓከᖸ΅
ィࢿࢵࢺ࣮࣡ࢡ࡛ᐇ⌧ࡋ㸪ᐇ㦂ⓗ࡟ᐇドࡍࡿ
ࡇ࡜ࢆ┠ⓗ࡜ࡍࡿ㸬ᥦ᱌ࡉࢀࡓ࢔࢖ࢹ࢔ࡣග
ࣃࣝࢫࡢఏᦙࢆ⏝࠸ࡓ⡆༢࡞ࣔࢹ࡛ࣝ࠶ࡿ
ࡀ㸪ࡑࢀࢆ㏻ᖖࡢ࣮ࣞࢨ࣮࠾ࡼࡧගᏛ⣲Ꮚࢆ
⏝࠸ࡓ࣮ࣞࢨ࣮ᖸ΅ィ∧࡟↝ࡁ┤ࡋࡓගᏛ
タィࢆ㛤Ⓨࡍࡿࡇ࡜࠿ࡽጞࡵࡿ㸬DFI ࢆᐇ⌧
ࡍࡿ࣮ࣞࢨ࣮ᖸ΅ィࢆᐇ㝿࡟ᵓ⠏ࡋ㸪ኚ఩㞧
㡢࠾ࡼࡧ࿘Ἴᩘ㞧㡢ࡀ┦ẅࡋ㸪࠿ࡘ㔜ຊἼಙ
ྕࢆྲྀᚓ࡛ࡁࡿ஦ࢆᐇ㦂ⓗ࡟♧ࡍ㸬ᮏᐇ㦂ࡣ㸪
ᑠつᶍ࡛ᑠᅇࡾࡢຠࡃᅛᐃ㙾ࢸ࣮ࣈࣝࢺࢵ
ࣉᐇ㦂࡛⾜࠺ࡇ࡜࡟ࡼࡗ࡚㸪࡛ࡁࡿࡔࡅ኱ࡁ
࡞㞧㡢㝖ཤẚࢆᚓࡿࡇ࡜࡟㞟୰࡛ࡁࡿࡼ࠺
࡟ࡍࡿ㸬௨ୖ࡟ࡼࡾ㸪ࠕኚ఩㞧㡢࣭ࢱ࢖࣑ࣥ
ࢢ㞧㡢ࣇ࣮ࣜ㔜ຊἼ᳨ฟࠖࡢཎ⌮᳨ドᐇ㦂ࢆ
⾜࠸㸪⾨ᫍᆺ㸪࠶ࡿ࠸ࡣᆅୖᆺࡢ㔜ຊἼ᳨ฟ
ჾࡢᖸ΅ィ᪉ᘧ࡜ࡋ࡚ྲྀࡾධࢀࡿࡓࡵࡢᑗ
᮶◊✲ࡢᇶ♏ࢆసࡿࡇ࡜ࡀᮏ◊✲ࡢ᭱⤊┠
ᶆ࡛࠶ࡿ㸬 
 
㸲㸬◊✲ᡂᯝ 
 
㸦㸯㸧DFI ගᏛタィ㛤Ⓨ 
 ௨ୖࡢ㆟ㄽࢆලయⓗ࡞᳨ฟჾタィ࡟཯ᫎ
ࡉࡏࡿࡓࡵ࡟㸪ගࣃࣝࢫ࡜ࡋ࡚࣮ࣞࢨ࣮ࢆ㸪
ヨ㦂㉁㔞࡜ࡋ࡚㏻ᖖࡢගᏛ⣲Ꮚ㸦㙾㸪ࣅ࣮࣒
ࢫࢫࣉࣜࢵࢱ➼㸧ࢆ⏝࠸ࡓ࣮ࣞࢨ࣮ᖸ΅ィ࡟
ᛂ⏝ࡍࡿࡇ࡜ࢆ⪃࠼ࡿ㸬DFI ࡢ᮲௳ࢆ‶ࡓࡍ
ࡼ࠺࡞ N-యࡢ㓄⨨᪉ἲࡣᐇࡣከᩘ࠶ࡗ࡚㸪ᐇ
㝿࡟࠸ࡃࡘ࠿ࡢ DFI ࡜࡞ࡿᖸ΅ィᵓᡂࡀᥦ᱌
ࡉࢀ࡚࠸ࡿ㸬ࡇࢀࡽࡢ୰࡛᭱ึ࡟ᥦ᱌ࡉࢀ㸪
࠿ࡘ᭱ࡶᵓᡂせ⣲ࡢᑡ࡞࠸ࢩࣥࣉࣝ࡞ᖸ΅
ィࡀᅗ࡟♧ࡍ㸪3 ḟඖᆺࡢ DFI ࡛࠶ࡿ㸬ᵓᡂ
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せ⣲࡜࡞ࡿᖸ΅ィ
ࡣ༢⣧࡞࣐ࢵࣁࢶ
࢙ࣥࢲ࣮ᖸ΅ィ
(MZI)࡛࠶ࡾ㸪ᅗࡢ
ࡼ࠺࡟ 2 ࡘࡢ MZI
ࢆྠ୍ࡢග㊰ࢆ㏫
ྥࡁ࡟ඹ᭷ࡍࡿࡼ
࠺࡟㔜ࡡྜࢃࡏࡿ
㸦཮᪉ྥ MZI㸧㸬ࡇ
ࢀ࡟ࡼࡗ࡚ 2 ྎࡢ
MZI ࡣ཯ᑕ㙾࠾ࡼ
ࡧࣅ࣮࣒ࢫࣉࣜࢵ
ࢱࡢኚ఩᝟ሗࢆඹ
᭷ࡍࡿࡇ࡜ࡀ࡛ࡁ
ࡿࡓࡵ㸪2ࡘࡢᖸ΅
ィ࠿ࡽࡢᖸ΅ಙྕࢆྠࡌ᮲௳࡛ᘬࡁ⟬ࡍࡿ
ࡇ࡜࡛ኚ఩ࡢ᝟ሗࢆᕪࡋᘬࡃࡇ࡜ࡀ࡛ࡁࡿ㸬
ࡓࡔࡋ㸪ࡇࡢ₇⟬࡛ᾘ࠼ࡿࡢࡣ 2ࡘࡢ MZI ࡟
ᑐࡋ࡚ᑐ⛠࡞఩⨨࡟࠶ࡿ 2ᯛࡢ཯ᑕ㙾ࡢኚ఩
᝟ሗࡢࡳ࡛࠶ࡾ㸪ࣅ࣮࣒ࢫࣉࣜࢵࢱࡢኚ఩᝟
ሗࡣࡑࡢ఩⨨ࡀ㠀ᑐ⛠࡛࠶ࡿࡇ࡜࠿ࡽᖸ΅
ィฟຊ࡟᫬㛫ᕪ࡛⌧ࢀࡿࡓࡵ┦ẅࡋ࡞࠸㸬ࡑ
ࡇ࡛㸪ࡇࡢ཮᪉ྥ MZI ࢆࡶ࠺ 1 ⤌⏝ពࡋ㸪2
ᯛࡢࣅ࣮࣒ࢫࣉࣜࢵࢱࢆඹ᭷ࡍࡿࡼ࠺࡟ 2⤌
ࡢ཮᪉ྥ MZI ࢆ 3ḟඖ࡟ᒎ㛤ࡍࡿ㸬ࡇࡢሙྜ㸪
ࣅ࣮࣒ࢫࣉࣜࢵࢱ࡟ᑐࡋ࡚ᑐ⛠࡞ MZIࡢಙྕ
ࢆ₇⟬ࡍࡿࡇ࡜࡛ࣅ࣮࣒ࢫࣉࣜࢵࢱኚ఩᝟
ሗࢆ┦ẅࡍࡿ㸬 
 
㸦㸰㸧ཎ⌮᳨ドᐇ㦂 
 DFI ࡀཎ⌮ⓗ࡟ṇࡋࡃືసࡍࡿࡇ࡜ࢆᐇ㦂
ⓗ࡟♧ࡍ࡟ࡣ㸪ගᏛ⣲Ꮚࡢኚ఩ࡢ᝟ሗࡀ┦ẅ
ࡉࢀࡿࡇ࡜㸪࠾ࡼࡧ㔜ຊἼಙྕ࡟ࡣឤᗘࡀṧ
ࡿࡇ࡜㸪ࡢ஧Ⅼࢆ♧ࡏࡤࡼ࠸㸬ලయⓗ࡟ࡣ㸪
ගᏛ⣲Ꮚࡢኚ఩࠾ࡼࡧ㔜ຊἼ࡟ࡼࡿ᫬✵㛫
ࡢṍࡳࢆᶍᨃࡋࡓಙྕ࡟ᑐࡍࡿ DFIࡢᛂ⟅ࢆ
 ᐃࡋ㸪ண᝿㏻ࡾࡢ᣺ࡿ⯙࠸ࢆࡍࡿࡇ࡜ࢆ♧
ࡏࢀࡤࡼ࠸㸬ࡍ࡭࡚ࡢගᏛ⣲Ꮚ㸦㙾࠾ࡼࡧࣅ
࣮࣒ࢫࣉࣜࢵࢱ㸧ࡢኚ఩᝟ሗࢆྠ᫬࡟┦ẅࡍ
ࡿࡓࡵ࡟ࡣ㸪๓❶࡛⤂௓ࡋࡓගᏛタィࡢ DFI
ࡢሙྜ㸪4 ྎࡢ MZI ࡢಙྕࢆ₇⟬ࡋ࡞ࡃ࡚ࡣ
࡞ࡽ࡞࠸㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪≉ᐃࡢගᏛ⣲Ꮚࡢ
ኚ఩ࢆ኱ࡁ࡞ಙྕ࡛ᶍᨃࡋ࡚ᖸ΅ィฟຊࡲ
࡛ࡢᛂ⟅ࢆࡳࡿᐇ㦂࡛ࡣ㸪ࡑࡢ୰ࡢ2ྎࡢMZI
ಙྕࢆ⤌ࡳྜࢃࡏ࡚₇⟬ࡍࡿࡇ࡜࡛༑ศ࡛
࠶ࡿ㸬 
 㙾ࡢኚ఩᝟ሗࡢ┦ẅ࡟ࡣ㸪๓㏙ࡢ DFI ࢆᵓ
ᡂࡍࡿ 4 ࡘࡢ MZI ࡢ࠺ࡕࡑࢀࡒࢀ 2 ⤌ࡢ MZI
ࡀ㛵୚ࡍࡿ㸬౛࠼ࡤ㸪ᢡࡾ㏉ࡋ㙾 FM1 ࡢኚ఩
᝟ሗࢆ┦ẅࡍࡿ࡟ࡣ㸪ᅗ࡟♧ࡉࢀࡿࡼ࠺࡞㸪
FM1 ࢆඹ᭷ࡍࡿ཮᪉ྥ MZI ࢆ⏝࠸ࡿ㸬㔜ຊἼ
ಙྕࡢᙳ㡪ࡣṧࡾࡘࡘ㸪࠿ࡘගᏛ⣲Ꮚࡢኚ఩
᝟ሗࡣ┦ẅࡍࡿࡇ࡜ࢆ♧ࡍࡓࡵ࡟㸪ࡇࡢᩘ
100 MHz ᖏ࡛ᑐᛂࡍࡿ఩┦ኚㄪࢆ༳ྍࡍࡿࡇ
࡜ࡀᚲせ࡜࡞ࡿ㸬ࡇࡇ࡛ࡣᗈᖏᇦࡢ㟁ẼගᏛ
ኚㄪ⣲Ꮚ㸦EOM: Electro Optic Modulator㸧
ࢆ⏝࠸࡚఩┦ኚㄪࢆ༳ྍࡋࡓ㸬㙾ࡢኚ఩࡟ࡼ
ࡿ఩┦ኚㄪࢆᶍᨃࡍࡿࡓࡵ࡟ࡣ㸪MZI ࡢ∦ഃ
ࡢග㊰ࡢ BS1 ࡜ BS2 ࡜ࡢࡕࡻ࠺࡝୰Ⅼ࡟タ⨨
ࡋࡓ EOM1 ࡛఩┦ኚㄪࢆ༳ྍࡍࡿ㸬୍᪉㸪㔜
ຊἼಙྕࢆᶍᨃࡍࡿࡓࡵ࡟ࡣග㊰඲య࡟Ώ
ࡗ࡚᫬㛫࠾ࡼࡧ఩⨨ࡢ㛵ᩘ࡛Ⓨᒎࡍࡿ఩┦
ኚㄪࢆຍ࠼ࡿᚲせࡀ࠶ࡿࡓࡵ㸪㔜ຊἼಙྕࢆ
ཝᐦ࡟ᶍᨃࡍࡿࡇ࡜ࡣ⌧ᐇⓗ࡟ࡣ⡆༢࡛࡞
࠸㸬ࡑࡢࡓࡵ㸪ᮏᐇ㦂࡛ࡣ BS1 ࡜ BS2 ࡢ㛫ࡢ
㠀ᑐ⛠࡞఩⨨࡟⨨࠿ࢀࡓ EOM2 ࡛఩┦ኚㄪࢆ
༳ྍࡋ࡚㸪㔜ຊἼ┦ᙜࡢಙྕࢆ⏕ᡂࡋࡓ㸬 
 DFI ࡢ␲ఝಙྕ࡟ᑐࡍࡿᛂ⟅≉ᛶࡢ ᐃࡣ㸪
EOM1 ࠾ࡼࡧ EOM2 ࡟ࡼࡿ␲ఝኚ఩ಙྕ㸪␲ఝ
㔜ຊἼಙྕ࠿ࡽ DFI ฟຊࡲ࡛ࡢఏ㐩㛵ᩘ ᐃ
࡟ࡼࡗ࡚⾜ࡗࡓ㸬ኚ఩㞧㡢ࡢ┦ẅࡢຠᯝࢆ 
ᐃࡋࡓ⤖ᯝࢆୖࡢࢢࣛࣇ࡟♧ࡍ㸬EOM1 ࠿ࡽ
HPD1 ࠾ࡼࡧ HPD2 ࡲ࡛ࡢఏ㐩㛵ᩘࡣ㸪EOM1 ࡢ
఩┦ኚㄪ≉ᛶ࠾ࡼࡧ HPD1 ࡜ HPD2 ࡢᛂ⟅≉ᛶ㸪 
ࡉࡽ࡟ගᏛⓗ࣭㟁Ẽⓗ࡞఩┦㐜ᘏࢆྵࢇ࡛࠸
ࡿࡓࡵ㸪≉ᚩⓗ࡞ᵓ㐀ࢆྵࢇࡔ࿘Ἴᩘ≉ᛶࢆ
♧ࡍ㸬ᖸ΅ィࡢᛂ⟅࡜ࡋ࡚ࡣ⌮᝿ⓗ࡟ࡣᖹᆠ
࡞≉ᛶࡀᮇᚅࡉࢀࡿ㸬ࡇࢀࡽ஧ࡘࡢᖸ΅ィ࡟
⌧ࢀࡿኚ఩␲ఝಙྕࡣ㸪ග᳨ฟჾ࡬ࡢධᑕග
㔞࠾ࡼࡧ┦ᑐⓗ࡞ಙྕ㊰㛗㸦ගᏛⓗ࣭㟁Ẽⓗ㸧
ࢆᚤㄪᩚࡍࡿࡇ࡜࡟ࡼࡾ㸪᣺ᖜ࣭఩┦ࡢ୧᪉
ࡀࡼࡃ୍⮴ࡍࡿࡼ࠺࡟ྜࢃࡏ㎸ࡲࢀࡿ㸬ࡇࡢ
ㄪᩚࡢ⢭ᗘ࡟ࡼࡗ࡚ኚ఩㞧㡢ࡢ┦ẅࡢ⢭ᗘ
㸦ྠ┦ಙྕ㝖ཤẚ㸸CMRR㸧ࡀỴࡲࡿ㸬ᅗ࠿ࡽ
ศ࠿ࡿࡼ࠺࡟㸪ᗈ࠸࿘Ἴᩘᖏᇦ࡛ 30 dB ⛬ᗘ
ࡢ CMRR ࡀࡳࡽࢀࡿ୍᪉࡛㸪 ࠶ࡿ≉ᚩⓗ࡞࿘
Ἴᩘᖏᇦ࡟᪊࠸࡚ࡣ 50 dB ࡢ CMRR ࡀほ ࡉ
ࢀࡓ㸬஧ࡘࡢᖸ΅ィࡣᴟຊᑐ⛠࡞ᵓᡂ࡟タᐃ
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ࡋ࡚࠶ࡿࡶࡢࡢ㸪࿘Ἴᩘ≉ᛶ࡟࠾࠸࡚ᩘ%ࡢ
㠀ᑐ⛠ᛶࡣ㑊ࡅࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࡓࡵ㸪࠶ࡿ
≉ᐃࡢ࿘Ἴᩘ࡛ࡢࡳ᣺ᖜ࣭఩┦ࢆ᭱㐺໬ࡍࡿ
ࡇ࡜ࡀ࡛ࡁ࡚㸪⤖ᯝⓗ࡟㧗࠸ CMRR ࡀほ ࡉ
ࢀࡿ㸬ࡲࡓᚓࡽࢀࡓ CMRR ࡢ᭱኱್ࡀ 50dB ࡛
࠶ࡿࡢࡣ㸪ఏ㐩㛵ᩘࡢィ ୰࡟ᗈ࠸ព࿡࡛ᖸ
΅ィࡢ≧ែࡀኚືࡍࡿࡇ࡜࡟ࡼࡗ࡚ 2ࡘࡢᖸ
΅ィࡢ␲ఝಙྕ࡟ᑐࡍࡿឤᗘ㸦ᛂ⟅≉ᛶ㸧ࡀ
ኚ໬ࡋ㸪CMRR ࡀᦂࡽࡄࡓࡵ࡛ࡣ࡞࠸࠿࡜ᛮࢃ
ࢀࡿ㸬 
 ୍᪉㸪␲ఝ㔜ຊἼಙྕ࡟ᑐࡍࡿ DFI ࡢᛂ⟅
≉ᛶࢆୖࡢࢢࣛࣇ࡟♧ࡍ㸬HPD1㸪HPD2 ࡢࡑࢀ
ࡒࢀ༢యࡢఏ㐩≉ᛶࡣ␲ఝኚ఩㞧㡢࡟ᑐࡍ
ࡿࡶࡢ࡜㢮ఝࡋ࡚࠸ࡿࡀ㸪ᘬࡁ⟬ࡋࡓᚋࡢ
DFI ಙྕࡣᮏ㉁ⓗ࡟␗࡞ࡿ㸬ࡇࢀࡣ஧ࡘࡢᖸ
΅ィࡢ఩┦ᛂ⟅ࡀ␗࡞ࡿࡓࡵ࡛㸪࠶ࡿ≉ᐃࡢ
࿘Ἴᩘ㸦᭱㐺࿘Ἴᩘᩘ 100 MHz㸧࡛ࡣᘬࡁ⟬
࡛ࡣ࡞ࡃ㊊ࡋ⟬ࡢຠᯝ࡜࡞ࡗ࡚ DFIಙྕ࡟⌧
ࢀࡿ㸬ࡲࡉ࡟ࡇࢀࡀ DFI ࡛㔜ຊἼಙྕࡀ᳨ฟ
࡛ࡁࡿᡤ௨࡛࠶ࡿ㸬 
 
㸦㸱㸧ᐇドᐇ㦂 
 ᣺ᖜࡢ኱ࡁ࡞␲ఝಙྕࢆὀධࡍࡿࡇ࡜࡟
ࡼࡗ࡚ DFI ᖸ΅ィࡢᛂ⟅ࢆ ᐃࡋ㸪DFI ࡢᇶ
ᮏⓗ࡞ືసࢆ☜ㄆࡍࡿ௦ࢃࡾ࡟㸪⮬↛࡟Ꮡᅾ
ࡍࡿኚ఩㞧㡢ࡢ┦ẅຠᯝࢆィ ࡍࡿࡓࡵࡢ
ᐇドᐇ㦂ࢆ⾜ࡗࡓ㸬DFI ᖸ΅ィࡢ࿘Ἴᩘࢫ࣌
ࢡࢺࣝ㡿ᇦ࡟᪊ࡅࡿឤᗘࢆ ᐃࡍࡿ࡟ࡼࡗ
࡚㸪ኚ఩㞧㡢ࡢ⌧ᐇⓗ࡞┦ẅຠᯝࢆ☜ㄆࡋࡓ㸬
 ᐃࡉࢀࡓᖸ΅ィឤᗘࢫ࣌ࢡࢺࣝࢆ௨ୗ࡟
♧ࡍ㸬༢యࡢ࣐ࢵࣁࢶ࢙ࣥࢲ࣮ᖸ΅ィ㸦㏻ᖖ
ᵓᡂࡢ࣮ࣞࢨ࣮ᖸ΅ィ࡟┦ᙜ㸧ࡢឤᗘ㸦࢜ࣞ
ࣥࢪ㸧ࡀ㸪DFI ᵓᡂ࡟ࡍࡿࡇ࡜࡟ࡼࡾ⥳ࡢឤ
ᗘ࡟࡞ࡗࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬DFI ᵓᡂ࡟ࡍ
ࡿࡇ࡜࡟ࡼࡾ㸪኱ᖜ࡞ᖸ΅ィឤᗘྥୖࡀᐇ⌧
ࡉࢀ㸪ᗈ࠸࿘Ἴᩘ㡿ᇦ࡟Ώࡗ࡚⮬↛࡞ኚ఩㞧
㡢ࡢ┦ẅຠᯝࡀ᫂☜࡟☜ㄆࡉࢀࡓ㸬☜ㄆࡉࢀ
ࡓ᭱኱┦ẅ⋡ࡣ 60dB ࡟ࡢࡰࡾ㸪1kHz ࡼࡾ㧗
࿘Ἴഃ࡛ࡣࡍ࡛࡟ᩓᑕ㞧㡢ࡢࡳ࡟ࡼࡾไ㝈
ࡉࢀࡿឤᗘࡀᐇ⌧ࡉࢀࡓ㸬୍᪉㸪୍㒊ప࿘Ἴ
ᖏᇦ࡛ࡣ┦ẅࡋࡁࢀ࡞࠸㞧㡢ࡀṧࡾ㸪඲ᖏᇦ
ᩓᑕ㞧㡢ࣞ࣋ࣝ࡟ࡣ⮳ࡗ࡚࠸࡞࠸㸬ಙྕฎ⌮
⣔ࡢ㠀ᑐ⛠ᛶ࡛ࡁࡲࡿ┦ẅຠᯝࡢୖ㝈ࡣ
140dB ⛬ᗘ࠶ࡿࡇ࡜ࡀࢃ࠿ࡗ࡚࠸ࡿࡢ࡛㸪ࡇ
ࢀࡣᖸ΅ィࡑࡢࡶࡢ࡟㉳ᅉࡍࡿ㠀ᑐ⛠ᛶࡀ
┦ẅຠᯝࡢୖ㝈ࢆไ㝈ࡋ࡚࠸ࡿࡶࡢ࡜⪃࠼
ࡽࢀࡿ㸬 
 ࡇࢀࡽ㠀ᑐ⛠ᛶࡢཎᅉ࡜ࡋ࡚㸪ගᏛᐃ┙ࢆ
✵Ẽࣂࢿ࡛ᾋ࠿ࡍ㜵᣺ࡢຠᯝࡀぢࡽࢀ࡞࠿
ࡗࡓࡇ࡜࠿ࡽ㸪ࡇࢀࡣᆅ㠃᣺ືࢆ௓ࡍࡿᨐ஘
࡛ࡣ࡞ࡃ㸪㡢㡪ᨐ஘㸪✵Ẽᦂࡽࡂࡢᙳ㡪࡛࠶
ࡿࡇ࡜ࡀ㸪ࡇࢀࡲ࡛ࡢ࣮ࣞࢨ࣮ᖸ΅ィ㛤Ⓨࡢ
⤒㦂࡜ేࡏ࡚ᙉࡃ♧၀ࡉࢀ࡚࠸ࡿ㸬ࡇࢀࡣ
DFI ගᏛ⣔ࢆ┿✵ᐜჾ࡟᱁⣡ࡋ㸪኱Ẽࢆ፹௓
࡟ࡍࡿᨐ஘ࢆᢚ࠼ࡿࡇ࡜࡛๻ⓗ࡟ᨵၿࡍࡿ
ࡣࡎ࡛㸪ࡇࢀ࡟ࡼࡗ࡚ḟᖺᗘࡣ 1Hz ௜㏆ࡲ࡛
ᩓᑕ㞧㡢࡟ࡼࡗ࡚ࡢࡳไ㝈ࡉࢀࡿ㸦ࡘࡲࡾ㸪
ࢫ࣌ࢡࢺࣝࡀᖹࡽ࡟࡞ࡿ㸧ឤᗘࡢᐇ⌧ࢆ┠ᣦ
ࡍணᐃ࡛࠶ࡿ㸬 
 
㸦㸲㸧௒ᚋ࡬ྥࡅ࡚ 
 ௨ୖ࡟ࡼࡾ DFIࡀཎ⌮ⓗ࡟ࡣṇࡋࡃືసࡍ
ࡿࡇ࡜㸪ࡘࡲࡾኚ఩㞧㡢࠾ࡼࡧ࿘Ἴᩘ㞧㡢࡟
ࡣឤᗘࡀ࡞࠸୍᪉࡛㔜ຊἼಙྕࡣ᳨ฟ࡛ࡁ
ࡿලయⓗ࡞ᖸ΅ィᵓᡂࡀᏑᅾࡍࡿࡇ࡜ࡣ☜
࠿ࡵࡽࢀࡓ㸬ࡇࡢ࢔࢖ࢹ࢔ࢆᆅୖࡢࣇࣝࢫࢣ
࣮ࣝᖸ΅ィ㸪࠶ࡿ࠸ࡣᏱᐂᖸ΅ィ࡟㐺⏝ࡍࡿ
࡟ࡣࡶ࠺୍ẁ㝵ẁࢆࡢࡰࡽ࡞࠸࡜࠸ࡅ࡞࠸㸬
DFI ࡢཎ⌮ࡢ㒊ศ࡛㏙࡭ࡓࡀ㸪ኚ఩㞧㡢ࡣࡍ
࡭࡚ࡢ࿘Ἴᩘ࡛┦ẅࡍࡿ୍᪉࡛㸪㔜ຊἼ࡟ᑐ
ࡍࡿᛂ⟅㸦ឤᗘ㸧ࡣ᭱኱࡟࡞ࡿ࿘Ἴᩘ㸦᭱㐺
࿘Ἴᩘ㸧ࡀᏑᅾࡍࡿ㸬ࡇࡢ࿘Ἴᩘࡣࢼ࢖࣮ࣈ
࡟ࡣᖸ΅ィࡢࢫࢣ࣮ࣝࢆ L࡜ࡋࡓ᫬ࡢ c/L ࡛
Ỵࡲࡾ㸪 ౛࠼ࡤ L = 3 km ࡢሙྜ࡛ fc = 100 
kHz ⛬ᗘ࡜࡞ࡿ㸬ࡇࢀࡼࡾప࠸࿘Ἴᩘ࡛ࡣ㸪
ᖸ΅ィࢆᒎ㛤ࡍࡿ✵㛫ࡢḟඖ࡟ࡼࡗ࡚ f 2 ࠶
ࡿ࠸ࡣ f 3 ࡛ᛴ㏿࡟ᛂ⟅ࢆኻ࠺㸬ࡘࡲࡾ㸪ᖸ
΅ィ⣔ࡢឤᗘࡀᩓᑕ㞧㡢ࡢࡳࡼࡗ࡚ไ㝈ࡉ
ࢀࡿ≧ែࡀᐇ⌧ࡉࢀࡓ࡜ࡋ࡚ࡶ㸪ಙྕ㞧㡢ẚ
࡛ឤᗘࢆ⾲ࡋࡓሙྜ࡟㸪ᚓࢆࡋ࡞࠸࡜࠸࠺ࡇ
࡜࡛࠶ࡿ㸬ࡋࡓࡀࡗ࡚㸪ࡇࡢ᭱㐺࿘Ἴᩘࢆప
࿘Ἴഃ࡟ࢩࣇࢺࡍࡿࡼ࠺࡞ᖸ΅ィᵓᡂࡢᕤ
ኵࡀᚲせ࡜࡞ࡿ㸬ᆅୖࡢᖸ΅ィ࡛ࡣ 10 km ࢫ
ࢣ࣮ࣝࡢ᳨ฟჾ࡛ 10 Hz ⛬ᗘ㸪Ᏹᐂᖸ΅ィ࡛
ࡣ౛࠼ࡤ DECIGO ࢆ౛࡟࡜ࡿ࡜ 1000 km ࡢᇶ
⥺㛗࡛ 0.1 Hz ⛬ᗘ࡟᭱㐺࿘Ἴᩘࢆタᐃࡋࡓ
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ࡽࢆ‶ࡓࡍࡼ࠺࡞㸪⌧ᐇⓗ࡞ගᏛタィࡣ௒ࡢ
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ࢲ࢘ࣥ࡟㌿ࡎࡿ㸬ࡇࡢࢳ࣮ࣕࣉἼᙧࡣ㸪࿘Ἴ
ᩘ㡿ᇦ࡛ࡣ f 㸫7/6 ࡢ࿘Ἴᩘ౫Ꮡᛶࢆࡶࡕ࡞
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ไ㝈ࡉࢀࡿప࿘Ἴഃࡢឤᗘᨵၿࡀ㠀ᖖ࡟࢖
ࣥࣃࢡࢺࢆᣢࡘࡢ࡛࠶ࡿ㸬ࡑࡢࡓࡵ㸪DFI ࡢ
࢔࢖ࢹ࢔ࡀⓎ⾲ࡉࢀࡓᚋ㸪ୡ⏺୰ࡢᵝࠎ࡞ࢢ
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